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Trypsinogen Activation Observed in Accelerated Molecular Dynamics
Simulations
Leonardo Boechi1, J. Andrew McCammon2.
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San Diego, San Diego, CA, USA, 2Department of Pharmacology -
Department of Chemistry and Biochemistry, Howard Hughes Medical
Institute - University of California San Diego, San Diego, CA, USA.
Three decades ago Martin Karplus’s group performed the first molecular
dynamics simulations of trypsin in order to address the transition from the
zymogen to its active form. Based on the low computational power existing
at that time only high frequency fluctuations could be observed, but not the
full transition, were observed. By performing accelerated molecular dynamics
(aMD) simulations, a very promising approach to increase the configurational
sampling of atomistic simulations, we were able to observe the amino tail inser-
tion into the conserved hydrophobic pocket, a crucial step of the transition
mechanism. The results allow us to address a very important enzymatic pro-
cess, providing new evidence about the underlying thermodynamics.
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Conformational States and Dynamics of Neuronal Calcium Sensor Synap-
totagmin
Maria Bykhovsksia.
Universidad Central del Caribe, Bayamon, PR, USA.
Release of neuronal transmitters from nerve terminals is triggered by calcium
binding to presynaptic protein synaptotagmin I (Syt). Syt is thought to interact
with the SNARE protein complex, which mediates the attachment of synaptic
vesicles to the plasma membrane. In addition, abundant evidence suggests that
calcium binding promotes interaction of Syt with the plasma membrane, thus
mediating synaptic vesicle fusion. Although calcium binding sites of Syt
have been identified, it remains obscure how specifically calcium binding in-
duces conformational changes in Syt and modifies its interactionswith the
SNARE complex and presynaptic membrane to promote fusion. Syt is a vesicle
transmembrane protein, and its soluble fragment includes two rigid domains
connected by a flexible linker. Although the three-dimensional structure of
Syt has been determined by crystallography, it has been demonstrated that mul-
tiple Syt conformations are likely to co-exist in the solution. Thus, it is still un-
clear what conformational states of Syt determine its function. To elucidate this
question, we combined molecular dynamics and Monte-Carlo approaches to
investigate Syt conformational states. We identified several conformational
states of Syt, and we found that one of its low-energy conformations is charac-
terized by a parallel arrangement of the domains in which all the calcium bind-
ing loops face the same surface. This conformation would facilitate Syt
attachment to the plasma membrane and could potentially promote pore open-
ing. We also found that calcium binding may promote Syt flexibility and facil-
itate transitions between conformational states.
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Active Output State of the Synechococcus Kai Circadian Oscillator
Mark Paddock, Joseph Boyd, Susan Golden.
UCSD, La Jolla, CA, USA.
In cyanobacteria, the timekeeping aspect of the circadian oscillator involves a
cyclic progression of phosphorylation states at Ser431 and Thr432 of KaiC (1).
To identify oscillator signaling states with our current limited description of the
output machinery, we defined Kai-complex output activity (KOA), that
represents the difference in expression of reporter genes between WT strains
and strains that lack KaiC (2). Although circadian controlled genes fall predom-
inantly into one of two classes that differ in a 12-h phase difference in their peaks
of expression, peak KOA for the two classes
coincides late in the circadian cycle near
subjective dawn, when KaiC-pST becomes
most prevalent (Ser431 is phosphorylated
and Thr432 is not). A mathematical expres-
sion involving a direct output from KaiC-
pST and feedback inhibition by the output
component RpaA using published data for
the time-dependence of those states (3,4)
successfully simulated two key features of
the oscillator_the time of peak KOA and
peak-to-trough amplitude (Figure).(1) Mackey et al (2011) Adv Genet. 74, 13; (2) Paddock et al (2013) Proc. Natl.
Acad. Sci USA, doi:10.1073/pnas.1315170110; (3) Gutu & O’Shea (2013)Mol
Cell 50, 288; (4) Rust et al (2011) Science 318, 809.
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Particle Electron Tomography
Xing Zhang, Lei Zhang, Matthew J. Rames, Gang Ren.
Material Science Department, LBNL, Berkeley, CA, USA.
Antibody, also known as immunoglobulin, functions as one of the key parts in
human immune response. Studying antibodies provides benefits in treating
immune system diseases, medical diagnostics utilizing particular antibodies,
and applications such as monoclonal antibody therapy. Antibodies perform
functions through identifying and neutralizing various foreign objects based
on a unique Y-shaped highly dynamic structure. In antibody structure, two
antigen-binding domains (Fabs) are connected to effector domain (Fc) via a
flexible hinge-loop region allowing two antigen-binding sites to vary. Dy-
namics of the loop region allow antibodies to undergo large conformational
change to search binding sites on various biological macromolecule surfaces,
fitting the paratope to a targeted antigen. Conventional techniques, such as
X-ray crystallography, nuclear magnetic resonance technique, or single particle
TEM reconstruction method, in studying antibody structure are faced with dif-
ficulty in revealing structural dynamic properties in 3D, due to their require-
ment of averaging vast numbers of particles.
Here, we use our recently developed individual-particle electron tomography
(IPET) to obtain nearly a hundred 3D density maps each from an individual
antibody. Each 3D map provided the spacing and orientations of the three do-
mains of each antibody. By comparison of the domain spatial relation among
different antibody molecules, the 3D distributions of the two Fab domains un-
covered the dynamics and fluctuations of this antibody type in solution. These
dynamic characteristics provide us insight into antibody functional expression,
and show potential approaches to increase antibody binding affinity.
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Pulsed EPR Distance Measurements Resolve the Impact of Site-Specific
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We have examined the structural impact of oxidizing specific protein methio-
nines (Met) in the C-ter lobe of calmodulin (CaM); these oxidation sites are
known to abolish CaM regulation of the major calcium release channel, the rya-
nodine receptor complex (RyR). Protein oxidation by reactive oxygen species
(ROS) is strongly associated with loss of strength in skeletal muscle and is pro-
posed to play major roles in aging and degenerative muscle disease.
We have linked oxidation-induced changes in RyR regulation to changes in
CaM-RyR structure using (1) protein mutagenesis to mimic oxidation at spe-
cific sites and (2) spectroscopy to resolve oxidation-induced changes in protein
structural dynamics. Pulsed EPR distance measurements across CaM’s lobes
(multiple pairs of labeling sites, one label on each lobe) were sensitive to
large-scale conformational changes that accompany both calcium binding
and RyR peptide binding. In the absence of calcium, CaM was highly disor-
dered, populating a broad distribution of conformations. Calcium binding
strongly stabilized the elongated conformation, while RyR peptide binding to
calcium-loaded CaM strongly stabilized the compact conformation. CaM
conformation, particularly the distribution over structural states, was sensitive
to Met to Gln substitutions (M109Q and M124Q) designed to mimic CaM Met
oxidation. Structural sensitivity to M-to-Q mutations was observed in both the
presence and absence of calcium, and in complex with RyR peptide. We
conclude that Met oxidation alters CaM’s functional interaction with RyR
through changes in the orientation and flexibility of CaM’s lobes.
This work is supported by a University of Wisconsin-La Crosse Faculty
Research Grant to JC Klein, NIH grants to DD Thomas (R37AG026160 and
P30AR057220), RJ Moen (F31AG037303), the Minnesota Biophysical Spec-
troscopy Center and the Minnesota Supercomputing Institute.
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Oxidative Stress Modulates Bioactivity of Lymphotoxin, but not TNF,
Through Site-Specific Oxidation of Methionine Residues
Andrew K. Lewis, Jonathan N. Sachs.
Biomedical Engineering, University of Minnesota - Twin Cities,
Minneapolis, MN, USA.
Lymphotoxin and TNF are a pair of highly homologous homotrimeric ligands
that bind and activate TNF receptors 1 and 2. Activation of TNFR1 causes
252a Monday, February 17, 2014pro-survival (or in certain conditions, pro-apoptotic) signaling, playing a cen-
tral role in healthy inflammatory response, but also in inflammatory disease
and cancer. Binding has long been thought to be sufficient for receptor activa-
tion, however we have recently published evidence that TNFR1 undergoes a
conformational change upon formation of an oligomeric network, suggesting
that the ligand binds and arranges pre-formed receptor dimers into a highly
organized lattice. Because lymphotoxin and TNF share the same receptors,
their individual roles in signaling are not clearly delineated. We have discov-
ered that oxidative stress abolishes bioactivity of lymphotoxin by causing sul-
foxidation of several methionine residues that are absent in the homologous
TNF sequence. We have shown in a recent publication that the lymphotoxin-
TNFR1 binding is stabilized by Met120 of lymphotoxin through a sulfur-
aromatic interaction and proposed that it may be disrupted by oxidation.
However, immunoprecipitation shows that while ligand induced signaling is
ablated after oxidative modification, ligand-receptor binding is not. This key
distinction where the potency, but not the binding affinity of lymphotoxin is in-
hibited by oxidative stress, may play a key regulatory role in the highly com-
plex lymphotoxin, TNF, TNFR1, and TNFR2 signaling system in which
ligands and receptors cooperate and compete to dictate a specific signaling
outcome, especially in the cases of inflamed or cancerous tissue, where the
extracellular environment is strongly oxidative.
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Assessing Dynamic Features of NF-kB via Molecular Dynamics Simula-
tions and Elastic Network Model
Arzu Uyar1, Vineet Pande2, Cameron Mura3, J. Andrew McCammon4,
Pemra Doruker1, Lennart Nilsson2.
1Department of Chemical Engineering and Polymer Research Center, Bogazici
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Karolinska Institutet, Huddinge, Sweden, 3Department of Chemistry, University
of Virginia, Charlottesville, VA, USA, 4Chemistry and Biochemistry
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Nuclear Factor kappa B (NF-kB) is an inducible transcription factor that regu-
lates expression of numerous components of the immune system and binds to
its target DNA sites in a dimeric butterfly-like conformation. Dysregulation of
such factor can lead to a number of diseases, including cancer, acquired immu-
nodeficiency syndrome and inflammation. Understanding the unbound form of
this protein is crucial, since the determination of drug targets that inhibit free
NF-kB has high potential in therapeutics. However, the form remains uncom-
prehended, despite the available experimental structures of several NF-kB
dimers bound to DNA. In the present study, the dynamics and interactions of
DNA-bound NF-kB dimer and its free form are investigated. We performed
several independent molecular dynamics (MD) simulations using two different
forcefields (CHARMM and AMBER), as well as the elastic network model
(ENM) analysis. The results obtained from MD simulations and ENM reveal
a consistent picture on global conformational dynamics of NF-kB. A common
collective mode comprises an oscillatory opening-closing or tong-like motion
in its N-terminal domains that bind to the DNA. Another mode represents scis-
sor-like motion facilitating the movement of the recognition loop L1 towards
the DNA, which is essential for the interactions between DNA and NF-kB.
Moreover, occupancy analysis of MD trajectories supports that loop L1 makes
the strongest hydrogen bonding network with bound DNA. Covariance maps
based on the orientational cross-correlations between residues indicate signifi-
cant differences in domain motions of free and bound forms of NF-kB. These
findings provide insight on the unbound form of NF-kB.
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Conformational Properties of Kinesin’s Neck Linker Across Species
Jason Doornenbal, Intisar Shaheed, Amanda Miguel, David Ando,
Ajay Gopinathan.
Universtiy of California Merced, Merced, CA, USA.
Kinesin I, a homodimeric motor protein facilitates the movement of cellular
cargo and vesicles toward the membrane, using microtubules as a bridge. Kine-
sin contains a short disordered neck linker region between the motor head and
ordered stalk. The flexibility of the neck linker is a key parameter that governs
the overall properties of the kinesin stepping mechanism. However, to date, our
knowledge about the molecular structure and dynamics of this region remains
incomplete. In order to explore its mechanical properties and propensity for
preferred conformations, we conducted 1 microsecond implicit solvent molec-
ular dynamic simulations using Gromacs with the AMBER force field. We
analyzed the overall twist angle of the neck linker as a function of time and
found that the twist angle distribution is bimodal indicating that the neck linker
may have two preferred conformations. To determine the generality of this
result, we ran simulations on disordered neck linker regions from multiple spe-
cies including fruit fly, human and mouse and found that this appeared to be a
generic feature of the kinesin I neck linker region.1279-Pos Board B9
Conformational Changes in the b Subunits of F1-Atpase Revealed by Fret
Measurements During the Rotation of the g Subunit
Mitsuhiro Sugawa1, Masaru Kobayashi1, Takashi Matsui1,
Tomoko Masaike2, Takayuki Nishizaka1.
1Gakushuin University, Tokyo, Japan, 2Tokyo University of Science, Tokyo,
Japan.
To uncover conformational changes in biomolecules accompanied with biochem-
ical events remains challenging, even though the atomic structures and the
kinetics of the biomolecules are revealed. F1-ATPase is a rotary molecular motor
in which a central g subunit rotates against hexagonally arranged subunits a3b3,
hydrolyzing ATP sequentially in three b subunits. Previous study using a single-
molecule fluorescence polarization method has proposed sets of the b subunit
conformations during the rotation (Masaike et al., Nat. Struct. Mol. Biol.
2008). However, further information is indispensable for identifying the ATP-
waiting form of which the atomic structure has not been revealed. Here we per-
formed single-pair FRETmeasurement to detect distance changes between two b
subunits. Time trajectories of FRET efficiency showed two-state transitions be-
tween high (0.8) and low (0.5). Given the crystal structures, low FRET efficiency
indicates one b subunit in the open form but another in the closed form. On the
other hand, high FRET efficiency indicates both of the b subunits in the closed
form. Next, we performed a simultaneous measurement of FRET between two
fluorescently labeled b subunits and the rotation of the g subunit. High FRET
efficiency was occurred in one of the three catalytic dwells. In the remaining
five dwells, other two catalytic dwells and three ATP-waiting dwells, FRET
efficiency was lower. These results suggest that in the ATP-waiting dwell two
of three b subunits would not take the closed form as in the catalytic dwell.
We are performing further experiments with a magnetic tweezers.
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The azimuthal movement of tropomyosin (Tm) over actin filaments to expose
myosin binding sites is a fundamental step in the regulation of muscle contrac-
tion. Tmmonomers link end to end over actin, so shifting of one Tmmonomer to
expose myosin binding sites may cause strain in neighboring monomers via end-
to-end interactions, resulting in cooperative behavior. In fact, such cooperativity
may extend even further when Tm is phosphorylated at Ser-283 (Rao et al.,
2009), which might reinforce the overlap region and increase the effective Tm
stiffness, thereby allowing more effective tropomyosin movement along the
length of the thin filament. However, effects on the binding affinity of Tm to
actin and troponin T due to phosphorylation of Ser-283 must also be taken
into account. To test these possibilities, we produced phosphomimetic mouse
a-Tm using the point mutation S283D. Samples of rotary shadowed and EM im-
ages were assessed for stiffness. The persistence length of single molecules was
obtained using manual protein skeletonization, which will be compared to the
results from a novel automated skeletonization algorithm. Additional mouse
ß-Tm mutants with and without the phosphomimetic mutation that also con-
tained a R133Wmutation, implicated in familial distal arthrogryposis and found
to increase contractility (Robinson et al., 2007), are also being produced and
analyzed. Preliminary results show an increase in persistence length with
S283D a-Tm, indicating increased stiffness, and a modest decrease in cTnT1
binding to actin/a-Tm with the phosphomimetic mutant. In contrast, there is
a modest increase in cTnT1 binding with the non-phosphomimetic S283A
a-Tm. Supported by HL65497, HL11197, and HL36153.
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Influenza A virus, responsible for the flu, infects respiratory tract epithelial
cells. M2 is a tetrameric proton channel essential for the virus life cycle. The
antiviral drug amantadine (Amt) used to block M2 channel prior to the recent
S31N mutation. With the known backbone structure of the M2 transmembrane
(TM) domain, polypeptide backbone and side chains dynamics can be
characterized.
